to introgression from other wild relatives following domestication.
With a more resolved demography and a high-density genomic data set, the authors were well equipped to scan for signatures of selection due to domestication. The PROG1 locus was one particularly promising candidate identified in this scan. A loss-of-function mutation at PROG1 in Asian rice (O. sativa) is known to cause both an erect phenotype and higher yield; previous work has clearly identified PROG1 as a strong domestication candidate in this taxon [7] [8] [9] . Cubry et al. [1] found that the entire gene is deleted in all 163 cultivated O. glaberrima lines, whereas the deletion appears in only 6% of wild O. barthii lines. In lines with the full gene, plants show a prostrate growth habit while those with the deletion are erect. These data suggest that PROG1 has played a similar role during the domestication of both African and Asian rice.
Reduced shattering is an important domestication trait across numerous crops as it eases harvest and increases yield. Previous work identified selection on OsSH1 and SH4, loci related to shattering in Asian rice, within O. glaberrima [10] [11] [12] , but this signature was not found in the present study. Instead, SH5, a gene that is part of the same shattering pathway, appears to have been targeted in O. glaberrima; however, SH5 does not show signs of selection in Asian rice, suggesting domestication was not entirely in parallel across these crops. Given these intriguing results and the fact that O. sativa and O. glaberimma were domesticated independently, the work of Cubry et al. [1] underscores the promise of these systems for studying the repeatability of domestication. Genome-wide patterns of selection during the domestication of these two crops could be further interpreted in light of the diversity present in their distinct ancestral populations, the contrasting cultural preferences of their human domesticators, and the discrepant natural environments in which domestication took place.
Finally, Cubry et al. [1] have untangled difficult population genetic questions surrounding the domestication of African rice using high-density genomic data. Such work powerfully demonstrates how the combination of such data with newly developed population genomic methods can address previously intractable questions. Likewise, the data resources generated here, in combination with those data recently made available through the 3,000 Rice Genomes Project in Asian rice [13] , should provide crucial information for breeding efforts and for evolutionary studies of parallel domestication. In sum, this study sheds substantial light on the process of African rice domestication and demonstrates the potential of thoughtful genomic studies for answering long-held questions. trajectory of hominin brain size. A naïve but still widely popularised representation of these data implies an unwavering trend towards progressive brain expansion; a 'hockey stick graph' for human evolution ( Figure 1A ). While no anthropologist would accept such a simple series of transitions between extinct hominins, recent discoveries also suggest that this trend captures only one dimension of hominin brain evolution. A new analysis by Holloway and colleagues [1] adds to our picture of hominin brain evolution in two ways: it adds weight to the idea that brain expansion was not a universal trend in hominin evolution, and provides evidence that brain re-organisation occurred independently of brain expansion and may have, in fact, preceded it. Holloway and colleagues [1] report the brain endocast of Homo naledi. Endocasts reveal the virtual imprint of the brain on the endocranial cavity, which can provide detail of the external morphology of the brain. H. naledi is a recently described hominin from the Rising Star cave system in South Africa, represented by the remains of over 15 individuals [2] . Although similar in both body mass (40-55 kg) and brain size (465-610 cc) to Australophithecus, H. naledi shares a number of anatomical features with larger specimens in the genus Homo [2] . Remarkably, however, the remains of H. naledi have been dated to 235,000-335,000 years old, meaning they possibly overlapped -in time and space -with anatomically modern humans that had brain volumes two to three times larger. Along with H. floresiensis, a oncecontroversial small-bodied hominin that persisted until 60-100,000 years ago on the island of Flores, Indonesia [3] , these remains suggest brain expansion was not a universal trend throughout hominin evolution [4] (Figure 1B ).
Brain size is often taken as a naïve proxy for cognitive ability, with the trend towards progressive brain expansion providing a simple way of tying evidence of behavioural or cultural transitions in the fossil record to the evolution of cognition. So how then did these small-brained hominins survive among their big-brained and presumably cognitively superior relatives, our ancestors? As Holloway and colleagues [1] reveal, the endocasts of H. naledi share several morphological features with brains of later, larger brained Homo. Based on partial endocasts of two specimens, H. naledi lacked a frontoorbital sulcus, had a prominent pars orbitalis, and evidence of high occipital petalial asymmetry. These features suggest enlargement of the frontal lobes and Brodmann's area 47, respectively, the latter of which has roles in language and social information processing, and potentially an increase in cortical plasticity. Notably, the endocast of Homo floresiensis also shows some derived 'human-like' features [4, 5] meaning that both small-brained hominins that persisted until relatively recently show morphological signatures previously associated with both brain expansion and the evolution of cognitively demanding behaviours in larger Homo species, such as Homo erectus or Homo sapiens.
Nevertheless, returning to the 'hockey stick graph', H. naledi and H. floresiensis are clear outliers ( Figure 1C) . Recent attempts to disentangle the phylogenetic affinities of the hominin family tree are inconclusive but suggest these species do not belong to a single lineage [6, 7] . If true, at least two lineages within Homo -H. naledi and H. floresiensis -completely buck the trend for progressive brain expansion. So what were they doing?
Holloway and colleagues [1] suggest that some of the derived features of the H. naledi endocast may have been present in the last common ancestor of Homo and were maintained, for potentially up to 2 million years, in H. naledi. A recent analysis of the temporal trends in hominin brain size between 3.2 and 0.5 million years ago suggests that periods of stasis did indeed interrupt the overall trend for brain expansion [8] . By excluding specimens after the emergence of anatomically modern humans, this study could not explore how the more recent specimens of H. naledi and H. floresiensis fit into this picture. However, it remains conceivable that H. naledi lies at the end of a lineage that experienced an elongated period of stasis in brain expansion.
The alternative explanation would require H. naledi's small brain and body size to be secondarily derived. This hypothesis has been explored in great detail in H. floresiensis, which is even smaller and seemingly more geographically isolated than H. naledi. Most phylogenetic scenarios require some degree of brain and body size reduction in H. floresiensis. However, close affinity with early Homo, as suggested by phylogenetic analyses [6] , (A) The 'hockey stick graph' of hominin brain evolution that plagues many popularised accounts of human evolution, purporting to show progressive brain expansion through key taxonomic transitions. Note, the data should more accurately be viewed as part of a phylogenetic tree in which these taxa may not be direct ancestors of later species. would require a range of decreases in brain and body size that are within the range observed in other insular primates [9] . The endocast of H. floresiensis has some unique features, in particular laterally expanded temporal lobes [4, 5] that could relate to a distinct ecoevolutionary history. It is possible that, under strong size constraints, evolution moulded the brains of these small hominins to increase or maintain cognitive performance in a size-efficient way. To determine which aspects of the H. naledi and H. floresiensis brains are derived, which reflect characteristics of the ancestral Homo, and which may be caused by constraints on size, we will need greater resolution of the hominin phylogeny. This remains a significant challenge. Of course, understanding why they followed either path also necessitates a reconstruction of the ecological conditions in which they lived.
Even without a definitive phylogenetic hypothesis, the description of the H. naledi endocast provides a major lesson in thinking about brain evolution. First, both evolutionary scenarios described above involve reorganisation of brain structure without correlated changes in brain size; implying the morphological changes observed in later Homo are not a result of allometric scaling, and may be somewhat functionally independent from size increases. The evolutionary independence of these two modes of brain evolution implies that a narrow focus on brain size will likely ignore behaviourally important features of brain architecture. This conclusion should not be surprising, as comparative analyses across a range of vertebrates demonstrate similar patterns of mosaic brain evolution, and a complex relationship between brain size and behaviours used as proxies for cognition [10] . Indeed, recent work on brain morphology within anatomically modern humans also provides evidence for a dissociation between brain size and structure. A geometric morphometric analysis of 20 H. sapiens digital endocasts, dated between 300,000 to 10,000 years ago, revealed that early and late H. sapiens brains were similar in size, but not shape. In more recent specimens, the brains appear more 'globular', with changes in the relative shape of several cortical features, most notably the parietal lobe, and a bulging of the cerebellum. These shape differences may reflect changes in the development of particular brain components, and coincide with the emergence of behavioural modernity [11] .
These studies suggest changes in brain organization played a major role in the emergence of both our genus and our species. What then is the relative significance of the apparent trend towards brain expansion? Could brain size be less important than we thought? Several lines of evidence suggest brain size is still a big part of our story. For example, modelling the genetic covariance between brain and body size provides evidence for selection acting directly on brain size during hominin evolution, rather than body size [12] . Similarly, molecular genetics continues to uncover evidence of adaptive evolution of genes affecting brain development, including the recent identification of the latest 'human-specific' gene, NOTCH2NL, which may have played a major role in prolonging cortical neurogenesis [13, 14] . However, brain size is merely a reflection of internal changes in brain composition and structure, including increases in neuron number and changes in connectivity. The challenge is therefore to understand the behavioural relevance of the kind of structural changes that do, or don't, necessitate changes in overall brain volume. Until we have a good grasp of the functional effects of these different patterns of brain evolution, a sound understanding of the multiple dimensions of the hominin fossil record will remain elusive.
